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Priority date (day/month/year) 
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1 . The designated Office Is hereby notified of its election nnade: 


[)(] in the demand filed with the International Preliminary Examining Authority on: 


01 March 2001 (01.03.01) 


1 1 in a notice effecting later election filed with the International Bureau on: 


2. The election | X| was 




1 { was not 




made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 
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OflZBIf ATIONAL SZABCH REPORT 



Iiiteniaiional application No. 
PCT/ADQ0ffl0980 



CLASSIFICATION OF STnSJfECT MATTER 



lat a '•■ C12N 15/12; A61K 38/16, 48/00 

Arxoriiiui to lD.^-ri^l CWjc rioa flPO or to both national dassificatisnadgC 



B. 



nELDS SEABCHED 



MbiBDm daaweniaiiai sca,^^ (ciassiflcadan system fcllowsd by daadflealion symbols) 
SEE ELECTRONIC DATABASE BOX BELOW 



SEE ELECTRDNIC DATABASE BOX HELOW ' ^ . 



HlcCttimic data base 
Sec extra sheet 



collated dudiiBU^inecn^ 



DOCOMRMS CONSTOERED TO BK RELEVATfT 



Category* 



PX 



rit^tirm of doomieiit Tvifli indicflitoii, ^grfiete appcopriara, of the relevaM passags 



/ 



PX 



Takesono, A- ei ai (1999) -Rccepror-milepeiicknt ^Eiivators of betenibim 
G^mtem signalmB pathways- J- Biol Cten, 274(47), pages 33202-5,. 
SeethccfltiPB dociiniait 

,ned by aaintracdhilarNa* receptor- Proclfali. Acad. Sa. USA 96, 



pages 9949-53 

See tiie entile docuxoctit 



Ketevant to claim No. 



28-32, 40. 45, 4^ 



3,5^11, 14-16,19,26 



[x] Fuithcr doCTPCTts are li^ 




X Seef 



ay 



■A" 



Special caiegQCie^ e>f cdol ddcumenis: 

docBiDait defimng thi5 geoOTl 
BcaconsidetedtDbeofpaftiailaridcvaTO 

ihaiBieroiifflialQliagdftia iw\ 

<tf viitech i4 dttd to caBbKA Ac Ihibl^e^ 
airtflgrciiaiMin crcdig spcciat icaaan (a& a^eci fi cdj 
doRoiiaiticfciringloaiiaral tfi5do5wic.u5t, 

eaduUlirai or otcbcrnitazis 

docmawt imbUa&ed price TO die im^^ 



"X- 



later docament p u fal i^^h pd a fte r the mte m atfO Wfl ?^°ej^^^^ 
priflritydateJiniiBfllinciniflirt 

j ^wiimA l^ft priilg*r l*» m- ihgmy iTyitT^yii g ftt f Itwantua 

mvaiiivesittp«*w»ltedflciinicntis1a^ , ^ ^ 

documoit of pwtKOlarrdevwfe; tlw cteWinvaitoai omnrt 

be ccnisiderwl to involve m mwaitivc 3te^ 

camfamed with one or mttc other SD^ 

^^h>^«tiHTi heing Qb^iflto to tt pgsoa aldllcii jfl tto art 

danxnicrlnieinberafthcsBmepafcexit&ii^ 



Date of fcp iWDnl rrrr'^"" ^^'^^ inMnifliiflnal saaieh 
19QctQbgr2000 



tJaoB flfid tkiAiliiig vddvtiss of the ISA/AU 

AUSTRALIAN P AtEMT CffFTCE 

PO BOX 200, WODEN ACT 2606, AUSTRALIA 

B-iOBii address: pa@ipBiiscTBUa.eav.au 

Fflcsixnilc Na COJ) 3929 . 



XifttB of ffloUniB of the mlHn^ai^fiaflfeh npoA 

E 3 OCT 2000 



TERRY MOORE 

TeletahoMNo : (02) 6283 2632 
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INTERNATIONAL SEARCH MPORT 



Xnteroadonal ai^Kllcaiion No. 
PCT/AUDQ/Q0980 



C (Contiimaiigii) 



nnrTTMENTS CONSmEREP TO BE RELEVANT 



CaicgDiy* 



CiiaiiQn of dacument. vith imiicotwii, where appropriate, of the leicvant passages 



HaJW KJ^ ctai(1999)"AIlthj«cWWdonimiisofiiiiiri^ 

regul^OT of cpirhelifll sodium chaiinds by iMracelliilar Na"" I Bifll. Chcm. 274<18), 

pages 12525-30 

See in particular the discussion. 

Koimvataiia, P. ct al (1991) "Activatofs of epitkdial Na^ chacnds inhibit cywsoUc 
feedback coniiDL Evidence for tbc wsttacc of a G protem^xiupfed receptor for cyiosoUc 
Na*" J. Membrane BioL 152, pages 225-32 
See in particular the discussian and figort 7, 

DimidonL A. ct al(1998) "Nedd4 medialBs control of an epilhdial Na* channd in 
J^i:a cells by cytosdifi Na^" Ptoc, Nad. Acad. Sd. USA W. pages 7 169-73 
See in pardcular His discussioa and figore 4. 

Coded rtal(199g)''C€niiiolDfNa*tiansportmsaUvaryd^ 
cytosolic Cr aMd Na*- Eur. J. Morphology 36. Snpftenfflit ^Hripsg^ 67-73 
See ill panicdar the sunmiafy and figiiiB S. 



Relevant to 
claim No. 



5, 10, 1 1, 14 



5.7.8. 15, 16 



5. 6» 10. 11, 
14 



5. 7-9, 14, 16 





BBS 




TTTF 



J. Cajdiovascular PhamiacGlogy 32, pages 



inxpaunifini cauEea oy x^cuuvc 
See tbs entire document. 

EP A 726 254 (MTTSUITOAISU CHEMICALS. INC.) 14 AagBSi 1996 
See page 2, Boe 120 - page 3, iiBB 3 and daim 10. 

Koa««aia.«, P. « al (1996) "CytosaHcNa- eomiob ^ 

guaakc mdeoride-biiidii* tcsatotory pi^^ 

8107-11 

See mpaiticolartbediscussioaaiidfigitfe 5. 



3,5,7 



3,5,7 



EP A 622 336 (SUMITOMO PHARMACEUTICALS CO., LTD.) 2 Novi 
See in particiilar ]>agp 3. 



1W4 



5, 7. 8. 9. 14. 
16 



3.5.7 



RiimPCXfl3A/2lO (continualioQ of Box C}<Iu]y 1998) 
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INIXRNAXIWAL SEARCH BJEPORT 



IntBrnationai appbcadon No. 
PCT/AUQQ/Q0980 



Boxl 



Obsc rvadods wheic ccrtaui claims ^er^ found imsearchnbie (Continu aumi of item 2 tf fii«t diect) 



ic&SDHs: 
1. 



I I CUlxosNos: 



I j OaimsNos: 

because they rdaic to pais of thfi 
10 fiDdi (sxtEm that no nuamn^ 



thai do twt coniply wMi iliA picscri^ 
lan be C3zii^ oni, specifically: 



3. 



[ [ ClaimsNos: 

bocfflia tli^ are dfipeadent dairo 



acconlance wilt ihc seajDd and thit^ 



Observal 



^licreimili of mvEntiwi is laddng (Contincwawi gf it^gn 3 of flrat Aeet) 



Tlris latenwtianal Seaid^ 



iQQs in tbis imenjaiioiial applicailflfl, as SciHtms: 



1. 

3. 



4. 



3, 5-1 1, 14-16, 19. 26 aiul2W7 



Renark on Protest 



r—j TlwaaaiaoBalseaichfteswereaccoiDpam 

No pioies accompanied the paymeat of additignid saKdi fees. 
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IPTTEBKATIONAL SEARCH RE7*ORT 



Iiusnuiionai appUcadon No. 
PCT/AUOQ/00980 



ff^tSS^^ aav of P r to ^ soffit 



Coutiiuifltion of Box No: II 

The mteruatioiBl applicatiao coatains 8 sepaiaie iaventioiis. Ttee are: 



InveniioQ I. 
Invendan 2 

Ihvenck9n4. 
Invention 5. 



RBgnlaang tfas acdvily of NHEl for HDimalising cyiosoUc ion concwtration. 
Regukting the activity of NHE2 for noooafisii^ 
fcgttlBfaai tte activity of NHE3 for norai^^ 

RegHlatins tbe amvity of NaHCff cooansportET fcrjuamaKsiiiS cytosoBc ion cona 
IU,g«taiiottti«c amviiy of NairiCl- cotraflsportcr for nomalismg cytosolic ioacan«niratwn. 

Regulating the susiivity of any Na* re»^ 
Sequaaas 1, 2, 5 6 dafinbg GILT sequences and 

S«pttBccs 3. 4 and 7 defiiBDg SCtmique seqa««»s and ^ 



Ittvcdttowr 7 and 8 J^^^™^ Na*««pto*s a« already kwwn» (seeabovt) and 

between these m«»mo.« and «j^«n^ 

dBfi.«iS«t«»s7Ld«andthn.thc«isnoun«^ 
Tl.ISA,e«d«xtbtvatio.«7«^ 

combining these two iDVcnliuu&, - 

M ^ •^*^«i< u^TWirescajxhrf under tins se^ 
Iseardi fee T^as paid and invttttMfflS lo were scaicncu uuuw 



An ad 



siiKte sc««b coddbe drafted ttetwould ™^ 
As a ^^i^^ coveredtte n=l«bl defined in daia>a 3. 5-11. 14-16, 19. 26 and2S-47. 



Coatinnaliaa of Box No: B 

Efcctronic database conwtei diiring tfwT iil r ni a tiffna) 



MecDino, CA. GenPept, SwissProt, EMBL, 
NHE3, Na+yH-*- exchanger. NarfHCO- cotians 
iafaibitLon, feedback, iqptla^n 



^anw of diJa baM aad. vauw pcacfiaW* 

.. Segoences 1-7. kEyworis: GILT, SCimique, NHEl, NHE2, 
[ lS:a cotranqjcmer, soditim daonel, cytos^ 
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INTERNATIONAL SEARCH XEPORT 





It 




• 



InrftmnTfnrwil application Na 
PCr/AUOO/00980 



Tliis Aimex Use ifae knora ■ A'' publicat^ 

aboTO-nifiiinoaed iinein^ TTieAusdaiianPatentOfficeisbno way liable 
Mrhidi are mBrdy givea fixr the pnipose of infonpatioiL 



Re|xirt 






Patent Family Meiul^ef 




EP 622 356 


JP 


7010839 


CN II06800 


CA 2121391 


EP 726 254 


US 


5 627 193 


JP/ 8277269 


END OF ANNEX 
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INTBRNATIONaL PREUMINAllY EXAMINING AUTHORnV 



_ A ^ 



To: 

F^. RICE & CO. 
139 Ratbdowne Street 
CARLTON VIC 3053 




PCX '"^^'-^'^^ 

NOTIFICATION OF TOANSMTTTAL OF 
INTEBNATIOKAL PRELIMINARY EXAMINATION 

REPORT 

(PCr Rule 71,1) 






Date ofinailiiig 
day/month/year 


-J JAN 2002 


Applicants or Bgezit^ file reference 

92767 


IMPORTANT NOnnCATION 


Diteniatiodal Applixiatzoii No. 
PCT/AUOO/00980 


bnecrutioiial Filing Dace 
16 August 2000 


PliotiiyDale 
16 August 1999 


AppIicBtit 

TEffi UNIVERSITY OF SYDNEY et al 



3. 



The applicant is hereby notifitd that diis Irjteniational Preliminary ExamiriTng Authority fransmits herewith the 
imrTTT Tifi'nnal pi^lin^icaiy Qxaizunatioa lepoit and its annexes, if any, esoblished on intenoational apptication. 

A copy of tlie report and iis amiiexfis, if any, i& bdng tx^csiDineci tg the Inferoational Bm^au for comnnniicatiom to aD the 
electicdOfiSces. 

Where reqaiztd by any of the elected OfQces, die Xntemadonal Bweati will pttpw an Fnglisii tcanslatioii of tiie report 
(but not of angr azmexes) and will fiansmii sudi translatioas to those OCQces. 

REMINDER 

The applicant most enter the natioiial phas o before each elected OfiEce by perfoizning c c^tain acts (filbig translatioas and 
paying national fees) within 30 months &oxn line pdority date (or later Jn some Offic(^X Article 39(l)](see also tlie 
rcmmder soot by the IntematicHial Buraan with. Fonn PCT/IB/301). 

Where a transktUm of the incematioiial appHcalion asast be fuimshcd to an electod Office;, tiiat tianalatioii most contain a 
translatKMi of aziy panexei to the intCTiaoonal pieliroin&ry examination report It is Che applicants responsibiiity to 
prepare and fimiisli such transladon directly to each elected Ofi5ce concerned. 

For further details on Ibc applicable time limiis and leqi^remems of die elected Offices, see Vohmis H of the PCT 
Applicants Gukfe 



Name tind mailing address of the IPEA/AU 

AUSTRALIAN PATENT OFFICE 
PO BOX 200, WODEN ACT 2606. AUSTRALIA 
£-itnul addntss; pci@TpaLi£CraIia.gov.iiu 
FacsimiJe No- (02) 6285 :J929 



Audioriud ofSicef 



TERRY MOORE 

Tcicpkone No. (02) 6283 2632 



f^prni PCT/rPEA/416 (July 1992) 
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PATENT COOPERATION TRJ^^ 

PCX 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



taogo 




AppUcsati or agenf $ fOe reference 
92767 



ImerancidzDd Application No. 
PCT/AUOO/009SO 



FOR FURTHER 
ACnON 



Sec Notificatioa of Transmitial of Imeimtionai Preli 
ExaminatiOT Kcpon (Form PCr/IPEAy416). 



Imenmioiial Filing Dare (day/month/year) 
16 August 2000 



Priority Date (iiay/month/yearj 
16 August 1999 



IntcirmiioDa] Pacem CLassiiication (IPC) or mtjonal classification and IPC 
InUCL' C12N 15/12; A61K 38/16, 48/00 



Apphcamt 

THE UNTVERSTTY OF SYDNEY cT al 



This inteniatioiial prelinzmaiy exaamiatioiL tepoit lias beea prepared by ibi& lateniatioaa&l Prelirmoaiy P.YaTTw^iin^ Autfaoniy 
sind is ttansmittied to & ^jplicam according to Article 36. 



This REPORT consisis of a total of 7 sheets, inchiding ttps cover sbeet. 

fxl "Hus report ij also accompamed by ANNO^ 

been amended and are die basis Sar tbis rep o it and/or s beds eomaiiiiag iscaScati ons made b efoce tins Audioriiy (see 
Rule 70, 16 and Section 607 of the A dmiiAisua tive Ihstmctians under the PUT). 

These ainiexes consisi of a local of 15 slicet(5). 



3, Hus rcpoTC coQQtazDS indications leladns to die following items: 



I 

n 

m 

IV 
V 

VI 

vn 

vnr 



|x] Basis of the rq)on 

m 

I I Priority 

I 1 Non-estabhshniBnt of opiiiion with regard to novelty, inventive step and industrial applicability 
[x| Lackof unity of invention 

fx] Reasoned smtBraent under Aitiele 35(2) with regard to novelty, inventive step or mHncrfrini applicability; 
citations and explanations si^yportix^ fiuch 

[ I Cert^un docmnents cited 

I I Certain defects in &e izrtematlDDa] s^Iicadoa 

fx] Certain observadons on the imexoadan&l application 



Date of submission of die demand 
1 March 2001 


Dace of oon^ledon of the report 
19 E>ecember 2001 


Name and mailihg address of ihc JPEA/AU 

AUSTRALIAN PATENT OFFICE 
PO BOX 200, WODEN ACT 2606. AUSTRALIA 
E-mai'I address: pcr@ipRusira|ia.gov^ 
Facsimile Nq. (02J 6285 3929 


Aurhorlzed OfKccr 

TERRY MOORE 

Telephone No. (02) 6283 2632 
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3. 



4. 



J^^ARY EXAMINATION REPORT 





Basis af therqxirt 



InicniBtioDal appUcaffon No. 
PCT/AUO0/Ofl98O 



5. 



I [ thedaims. 



With regard to the elements of the mtematioiial applicaiion:* — — 

I j the imcniatioiial application as oti^maUy filecL 

[x1 the descripdon, pages Wl, as originally filed, 

pa^ y filed with the demand, 

pages ?,8aiid8A) received on 23 August ZQOl wilb tbe lelter of 23 Ausnst 2001 
pages 1-6, received on 5 November 2001 iviili the letter ofS November 2001 
pages 7 as oiiginaliy ^ed, 

pages , as amended (together with any statement) unto Article 19, 
pages , fled with ^demamL 

pages 22-27^ "^ceived on 5 November 2001 with the letter of S Nov«mb«r 2001 
pages l/5-5/5> as ongmaily filed, 

pages , filed with the d gmanrf 
pages 9 tteeivedon wnh the letter of 
i~| tiifiscqueziceHsaDgpanQffliedescx^oii: 

pages 1-7, a&mgmally filed 
pages 7 filed udlh the demand 
pages y received on widi the letter qf 

regard to dm language, all die eleznems xnadced above wcxe available or flunishfid to this Authority in the ksguagB in 
wluch ttte miBxnatioiifll application t»qs Sed, unless oftenvise indicated undia: this item, 

elemraiis were available or fbniished to this Anil»riiy in the following language w^ch is: 
LI ^ ifliiguage of a translatioii fijmished for the purposes of intenialional search (under JRnle 23.1(b)J. 
j~[ the language of pubJtbation of the inleiiaajtiQnalapplic^^ 



{ I the di^wings. 



Q *ci«igu2geofthctitfflslaiionfumiahcdiOT 

and/Of 55 J). ^ cA«iimiii«Mi 



Snies 552 



With regard to any aocleoUde and/or amino add sequence disclosed m tise imeimtional ^Jication, the mti^^nVroi 
proimnnajy examination was carried out oa the basis of the sequence listing: 

n coniHinediiitfaeintcraationalappHcaiionin wriitenfoni^ 

[x] filed together with die mtRnstional ajiplication in conqinter readable form. 

|~t fi^shedsiiwequeiiriytDthis AuAorif^ 

I I ftmished subsequently to dns Authority in computer readable fbnn. 

□ The siatemeni thar die subsequently fLmnshcd written sequence listing does not go beyond die disclosure m the 
mtemational fipplicacion as fUed lias been fizmiahcd. 

^ bSi^lSSd^ infonmtion recorded in computer readabfc fonnis id^xtica] to d» wrfnen sequ^e listing has 

The amcndmeiifs have resulrcd in the cancelladon of: 

I I the descriptiocu pages 

[x] ihp claims, Nos, 42-44 

r~) the drawings, shecis/fig. 

This rcpotr has been established as if (some of) die amendmenis had not been made, smee chcy have been considered to 
go beyond the disclosure as filed, as indicated in ifac SuppIgrnentaJ Box fRulc 70.2(c)) •* 



^^flcwn*;,r which hi^vc b^enfumishEd io ihe receiving OfffCc in n^ponse to an in^iimivn imder Article J 4 are r^erred 10 in iht^ 

report as apiginaSlyfil^ and are »oi annexed (o this r6p^r( since thty do not canmln amendmcMS (Rul^ 70- 16 and 70 1 7). 

Any replacenieni sheet CO^itajn r«g such am^ndmcnl,- ffiust be nrfirrrd to Wirr ifgrn / and annexBii SO ihL, repon [ 



FonnPCT/IPSA/409 (flox 1) (July 19^18) 
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INTERNATlONAL^BlMINARY EXAMINATION REPORT 




Xnt^nadDnal application Nc. 
PCT/AUOO/00980 



IV. Lack i>f unity of invenCion 



1 . In response to the invitation to restrict or pay additional fees the applicant has: 

I I lestzicted die claims. 
f ~) paid additional fees. 

£ I paid additional fees vnder protest. 

I j fldiher resiricned nor paid additioDal fees. 



□ Ito Auflioriiy fotmd thai ihe requirenKnt of unity of invention is not comglkd with and chose, accordine to Knte 
d8. I y not to umte the applicant to restrict or pay additional fees. 



3. Hils Aujhoriiy cmsidei^ ftat the rcquiremem: of unity of imrcmioii m accordance wi&Ruks 13. U 13^ aud U3 is 

(~] con^edwidL 

fx] nor coinpliedw^ for the following reasons: 

The international application comprises 3 separate inventions, Tliese sre; 

• Invention 1, as defined in claims 1-21, which coinpriscs altering or assessmg the activity of 

components of the inhibinwy feedback mechanism controlling the activity of an Na"^ transport 
protein. 



• Invention 2, aa defined in claims 22-26. 34, 39 and 40, in foil and claims 32, 33 and 36-38 in part, 
which disclose sequences conrspooding to flie putative iniracellular Na"" reciter GILT. 

• fcvention 3,-as defined in claims 27-31 , 35 and 41, til flill and claims 32, 33 and 3«8 in part, 
which disclose sequences corresponding lo fte putative intracelhilar Na" receptor SCuoique. 

Although aU duee sets of claims relate to coinpoaents of the inhibitory feedback mecbanisia controlling 
fte activitjf of an Na transport protefal, this feahire is blown (see D2 and D3). As such this feature 
does not represent ft "special technical feature" and does not conier vidty on the Uiree sets of daims. 
The ISA agreed to search all three inv^tions after payment of a second search fcc. 

Given that all three inventions have been searched, the IPEA has decided to report on all three 
invbntions without requesting further fees. 



4, 



Consequently, the foHowing parts of the inKmational application were die subject of incnBilonal pnslinwuiiy 
f-xflmtn^q^ji m establishing this report: 



f3c] all pans. 

Q the pans relating co claims Nos. 



.Form PCT/lPEA/409 (Bqk IV) (Jul^ 1 99S) 
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V. 



2. 



INTERNATIONA 



MINARY EXAMINATION REPORT 





Intcfnatioiial application No. 
PCT/AU00/D0980 



Reasoned statemeni under Article 35(2) with regard to noveliy, inventive step or fadustrial wplicabillty- duiioni 
and 6rp]aiifltfoii5 supporting such statement 



Statemcxit 



Novelty (N) 



iHveiWttvc step (IS) 



Industnal applicabiliiy (lA) 



Claims 


1-41 


YES 






NO 


Claims 


22-41 


YES 


Claixzis 


1-21 


NO 


Claims 


1-41 


YES 


Claims 


• 


NO 



ChadO(ii$ and ^knarirms (Rule 70.7} 

The followitig documents kkntified in the InteniatitMifll Search Report h^ve been considered for the purposes 
of this report: 
Dl 
D2 
D3 
D4 
D5 
D6 
D7 
D8 



Hflfwjr et al (1999) J Biol Chem 274(1 8), 12525-30 
Komwatana et al (1998) J Membrane Biol 162, 225-32 
Dinudom ct al (1998) Proc Nad Acad Sci USA 95, 7169-73 
Cook et al (1998) Eur J Morphology 36, 67-73 
Symcms et al (1998) J Cardiovascuiar Phannacology 52, 853-62 
EP 726 254 (MITSUI TOATSU CHEMICALS, INC) 14 August 1996 
Komwatana et al (1996) Proc Natl Acad Sci USA 93, 8 1074 1 
EP 622 356 (SUMITOMO PHARMACEUTICALS CO, LTD) 2 November 1994 

Takesono et al (1999) J Bioi (^icm 274(47). 33202-5 and Ishibashi et al (1999) Proo Natl Acad Sci USA 96, 
9949-53. cited in the ISR, are not discussed in this opinion because both documents were published after the 
priority date of Ihc instant application. 

The speC2ficati<»i discloses fiirtfaer characierisation of an inhibitory feedback mechanism first identified in D7 
and further characterised in Dl to D4. The specification discloses two candidates for the mtracclluFar Na"^ 
receptor and indicates that ihe activities of NHEl, NHE2, NHE3, the Na^-HCOa- cotransportcr and the 
Na'*ir2Cl cotransportcr are also controlled by tiie feedback mechanism. 

ITie amendments filed on 5 November 2001 have lumtcd the scope of the claims such that they now ikU within 
the scope of the search conducted by the ISA. As such, this opinioij pnmdes comment on all clainis, in 
contrast to the original opinion that only provided comment on claims 3, 5-1 1, 14^1 6, 1 9, 26 and 2&47. 

Novelty Hsn and Inventive Seep HS^ 

As discussed above, D I -D4 and D7 all disclose the inhibitory feedback raechamsns and discuss its role in the 
regulation of the epithelial sodium channel (ENaC) activity. D2-D4 and D7 all discuss the involvement of at 
least ENaC, Nedd4, ubiquitin ligase and G proteins, and in The case of D2 and D3 the inttacellular sodium 
receptor, in the inhibitory feedback mechanism. In pmicular D2 and D3 disclose the presence of an 
iniraceUular sodium recepior (see fimires 7 and 4 respectively) and Dl speculates that there is a fiirther 
mtracellular pn>tein involved in regulation of intraceHuIar sodium concentrations and ubiquitin regulation (see 
the discussion). As such these citations appear to disclose the same inhibitory mechanism thai has been 
further characierised by the applicants and that is illustrated in figure 5 of the specification. 

Continued in supplemental box. 
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vm. Certain obserratiom on the interttacional appb'caijon 



Tlir ToWov^oh^^rJBMxoiiE on Ihe clarity of che claims, descriplioii, and diawings or oq rhe question whether the cbiims arc ftOlv 
snpponea by the descrrption, are made: ^ 

Claims 1 -21 s^e not fully suppoited by the description because the claims are not limited to features that define tiie 
invention dcscnbed in the specification and thereby distinguish between ihat mvenuoo and the prior art. 

Prior to applicant's work on the UsT inhibitory feedback mechanism it was known that there wa* such a mechanim 
and that it regulated ihe activity of ENaC and cytosolic Na^ composition (see DI-D4 and D7 discussed in Bo^ V) It 
v«.s also known that there probably a cytoplasmic Na* receptor involved in the mechanism, although this 
recqrtor iHd twt been idfflitified. It was also known that the activity of G proteins. Nedd4 and ubiqmtin ligase 
modulated the activity of this system (see D2-D4 and D7) and that amiloride was also involved in nwdulation of 
cyrosohc Na concentration at least in part mediated by the feedback mechanism. It appears that a,e vmhcattfs 
oomnbutoon to^s ^ has been to identify the intracellular receptor as SCunique or GILT and to al£o itoniftr flat 

such arolicam is entitied to clami the novel aspects of this mechanism; SCunique and C5ILT. 71,6 applicant is 

I t * ^ ^ ^ ^"^^ mechanism by specificaUy affJSn^ 

activity of >Bitansport proteins other than ENaC, in the context of the Na* inhibitory feedback mechanisii These 

applicant's conlribation to the art and define the features that distingaish the invention 
oescnbed m the specificaiioa 

In contrasi to this, md^endent claims 1.8, 13. 17, 18 and 19 define a method of treating or diagnosing a disease 
^^."^ dysfunction of an inhr^itory feedback mechanism comprising adminktration ^gcnt that blocks 

^pliamt The claoEs smq,ly define any mhibitory feedback mechanism and do not define a feedback mechaSm^ 

"5?^^ NHEl. NHE3, the Na-.HCa,- co^«mspSSSe 

Na^2Cl Qotrangponer and mvolvmg Qie activity of die mtraceUuIar Na^ receptor GILT or SCunique » is these 
features that chataotense and distinguish the applicant's feedback mechanism from ajjy other feedback mechanism 
that may also work to control flic activity of Na* iraasport proteins. ««»oacjc mecnamsm 

^ ^^„f r**^ ^ comprising the use of agents that specifically target the 

a^ty of 4e pameidar components of the mechanism identified by the applicants. Although subsequent dependent 
^^^t T ^'^^^ "^-^h^i^ d-finmg it as a mecham'sm^trollS^ aS^f 

LT^t^^K''"'*^ fu ^ chax^tcrises the previously identified mecS^ 

^ ^ charactense it as a mechanism that also comrols the activity of forflicr Na^ tmnsport 
protons, l^siiirthcrchar^terisation does iwt alter fte scope of claims such ^ ^ 

^"^S^'^J "^T '""l" ^1"^ ^ ^ f"^"^ ^ "'^"^ « ^^'^ ^ 

^nat^^T:^^^^T^,r- "^^-^^ ""^^ ^'^ ^ modulators of the pathway and 

S^ftl S2T^*'f^ ^ P"*^^ ^l^e fim time by t?e appUcants. 

SSS^'^ r 'T^^ '^^'^'^ ^" ^"^"^^ ^'^ ^ ^^"^ components rfthe Swu 

S^h?rh™^- '^'^"^^ *^ specifically interact with the 'new' componenlTof the pathway 

SC^qS ^ ^* ^"^^ "^'^ ENaC and the intracelUUar Na^ recepSrs T and 
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Dl also discusses flie imiiations involved in Li'ddle's syndrome and the F^rt ,h<„ „ 

that alter the sites associated wilh obiquirination and Sl^on ^ ^1""^^"'* '^^^^'"^ in ENaC 

AU of the ojtatons also recognise that there srs a range of diseases stinh r .h^i.. j„ 

mqjpropnate a<:tiviry of tJic specific inhibit^ fce^^SnlTiS^ of ds««ses c Werised by 

tnfonMation provided in any one of the citaii^ ft woiS Furihenaore. givm the 

, ^n'floride.G.prateiniidubiLanriubiqlS^^ 

I j4Nedd4 to t«at conditions ^oc^ti^i^Z^^XZ s^t^^'^t ^ "^^^^ 

Na ^MbitoiyfeedbaoWchanisr. A. such SLtd^^f^ 1^1 o^^^^^ 

appbcants. those coinponents faeL the mtLeUvi^Z^^^lr^ P^^^ identified by the 

tnmsport proteins oZ tfa^ ENaC STl^SL^f^f 'k" P NOS 2 and 4. and Na' 

Niffil, NHE2. NHE3. the Na%HCp,' co^^^JJfvSl L^n^^^^^ transpon proteins, in part«:ular 
M the coDtBxt of features thai furthff char^^!^/ MaTC 20 oottansporter, they only redte fbtat coinponents 

Really ^th, ST^sxt dTrct:Jr^'r'^' r^'^ ^ co^p^^t 

previously defined feedback mcchamsni.XkSe S.St?'?- J^^"* "^^^ the 

r«:ite any agent, that regulate dJ^^Tf tL ^^^^^s olS^ T*^*" 
W components of the mechanism or v4b orevioudvS^^T "^"^^^f ^« Specifically inter^nng with 
claims thai define methods compiisinB tfwuS^l^. components of the mechanisnr As such, alfliouj, 
tn-xsport proteins other than^Z ft' ,T'^u""^ "^^"^ ^ intracellular Na^ receptor or N? 
mechanism identified by the ^^^^^Ih^S^^f^f"^^ ^'S* inhibito^fcedfaack 
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METHODS FOR DIAGNOSIS AND TREATMENT OF HUMAN DISEASES 

INCLUDING HYPERTENSION 

Field of the In venlion; 

5 The present invention relates to the diagnosis and treatment of human 

disease, particularly human disease characterised by abnormal cytosolic ion 
composition resulting from reduced or over activity of Na^ transport proteins 
such as the ubiquitous Na^-H* exchanger, NHEl. 

10 Background of the Invention: 

In recent years, over activity of Na"*" transporting systems in absorptive 
epithelia has been implicated in the pathogenesis of a number of major 
diseases including hypertension (1, 2), diabetic nephropathy (3), 
cardiological syndrome X (4), ventricular h3^ertrophy (5), chronic pulmonary 

15 li3rpertension (6) and cystic fibrosis (7). In the case of the hereditary 

hypertensive disease known as Liddle's syndrome, this activity has been 
attributed to a mutation of the epithelial Na"^ channel leading to loss of an 
inhibitory feedback mechanism which normally switches off Na**" channel 
activity in response to increased intracellular Na"*" (8, 9). The mechanisms 

20 that underlie this so-called homocellular regulation have been the subject of 
controversy, but recent experiments have revealed a previously unsuspected 
mechanism in which cytosolic Na"^ is "sensed" by an intracellular receptor 
(10). This receptor activates the G protein, (11), the a-subimit of which 
then causes the ubiquitin-protein ligase, Nedd4 (10), to ubiquitinate and 

25 inactivate the epithelial Na"^ chaimels (12, 13). This receptor for intracellular 
Na"*" is blocked by amiloride and amiloride analogs such as dimethylamiloride 
and benzimidazole guanidinium (10), thus explaining the previously 
puzzling ability of these agents to stimulate Na**^ channel activity (14). 
The present applicants have now found that the intracellular Na^ 

30 receptor that controls absorptive epithelial Na"*" channels also controls the 
activity of the ubiquitous isoform of the Na"^-!!"^ exchanger 1, NHEl (34). 
This finding suggests that intracellulai- Na"^ receptors form part of a general 
mechanism for regulating Na**" transport proteins. It is therefore anticipated 
that die intracellular Na^ receptors (and the signal-tiansduction systems by 

35 which they control Na^ channels, Na"^-!!^ exchangers and other Na*** 



SUBSTITUTE SHEET (RULE 26) RO/AU 



wo 01/12805 



PCT/AUOO/00980 



2 

transporting proteins) shall provide a useful target for diagnostic assays and 
treatments for hypertension and other diseases. 

Disclosure of the Invention: 

5 Thus, in a first aspect, the present invention provides a method of 

treatment of a human disease which is characterised by abnormal cytosolic 
ion composition in diseased cells resulting from reduced or over activity of a 
Na"^ transport protein, the method comprising administering to a subject 
having said disease an effective amount of an agent that substantially 

10 restores the ion composition of the cytosol in said diseased cells to that 
which is found in corresponding cells from healthy tissue. 

Preferably, the present invention provides a method of treatment of a 
human disease which is characterised by abnormal cytosolic ion composition 
in diseased cells resulting from reduced or over activity of a Na* transport 

15 protein other than an epithelial Na* receptor. Most preferably, the present 
invention provides a method of treatment of a human disease which is 
characterised by abnormal C3rtosolic ion composition in diseased cells 
resulting from reduced or over activity of a Na* transport protein selected 
from those which are inactivated by ubiquitination (e.g. through the action of 

20 a ubiqmtin-protein ligase) and, particularly, from those included in the group 
consisting of NHEl, Na*-H* exchanger 2 (NHE2) (35). Na^-H"" exchanger 3 
(NHE3) (36), the Na*-HCOj- cotransporter (37) and the Na*K'^2Cl 

cotransporter (38). 

Where the characteristic abnormal cjrtosolic ion composition arises 

25 from reduced Na* transport protein activity resulting from, for example, Na* 
transport protein mutation (e.g. hereditary), depressed Na* transport protein 
expression or inappropriate activity of the Na* transport protein inhibitory 
feedback mechanism, the administered agent may be selected from gene 
therapy agents (e.g. recombinant adenoviruses capable of causing the 

30 expression of non-mutated Na* transport protein) and agents capable of 

blocking the Na* transport protein inhibitory feedback mechanism. Preferred 
agents of the latter kind Me amiloride and amiloride analogs (e.g. 6- 
iodoamiloride, N-dimethylamiloride, and benzimidazoylguanidium), G- 
protein inhibitors (e.g. GDP-p-S (39) and NF023 (40)) and agents that inhibit 

35 the action of ubiqmtin protein ligase on the Na* transport protein. Examples 
of this latter kind of agents are dominant negative mutants of ubiquitin (e.g. 
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K48R (24)), agents that prevent binding of the ubiquitin protein ligase to the 
Na* transport protein (e.g. membrane permeable peptide analogs of the 
protein motif to which the ubiquitin protein ligase binds such as the WW2 
and WW3 domains of Nedd4 (10)), agents that prevent ubiquitination of the 

5 Na* transport protein (e.g. membrane permeable peptide analogs of the 
protein motif which is actually ubiquitinated, such as the N-terminal of the 
a- or y-subunit of ENaC (41)) and inhibitors of the effectors of ubiquitin 
action on the Na"" transport protein including proteins involved in 
endocytosis (e.g. membrane permeable analogs of amphiphysin SH3 

10 peptide(42)), and inhibitors of the degradation of the Na* transport protein by 
proteasomes (e.g. lactacystin) or lysosomes (e.g. bafilomycin or chloroquine). 
Peptide analogs may be made to be membrane permeant by including a 
Drosophila antennapedia homeobox domain (15, 16). 

Where the characteristic abnormal cytosolic ion composition arises 

15 from Na* transport protein over activity resulting firam, for example, Na* 

transport protein mutation (e.g. hereditary), loss of the Na"" transport protein 
inhibitory feedback mechanism or inappropriate activity of other control 
systems (e.g. excessive levels of growth factors or glucose), the administered 
agent may be selected from gene therapy agents (e.g. adenoviruses capable of 

20 causing the expression of a protein participating in the Na* transport protein 
inhibitory feedback mechanism), intracellvdar Na"" receptor activators (e.g. 
■ guanidium and guanidium analogs), G-protein activators (e.g. GTP-y-S (43) 
and receptor mimetic peptides such as APP20(17)), ubiquitin ligase activators 
(e.g. membrane permeable peptides that mimic the effect of active G proteins 

25 on the ubiquitin protein ligase), and agents that trigger endocytosis. 

An "effective amoimt" of the agent used in the method of the first 
aspect will depend upon the particular agent vised, however, generally, the 
amoimt would be expected to be below about 10 mg/kg. For example, an 
effective amount of amiloride or an amiloride analog would typically be in 

30 the range of 1 to 3 mg/kg. 

The agent may be formulated with various pharmaceutically- 
acceptable excipients and/or carriers commonly used in the art and prepared 
for administration orally (e.g. as tablets, capsules, caplets or liquids), nasally 
(e.g. aerosol sprays), rectally (e.g. as suppositries) and transdermally (e.g. as a 

35 transdermal patch or dermally absorbed cream or lotion). The agent may also 
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be formulated as an injectible solution or suspension for subcutaneous, 
intravenous or intramuscular administration. 

In a second aspect, the present invention provides a method of 
diagnosis of a human disease which is characterised by abnormal cytosolic 
ion composition in diseased cells resulting from reduced or over activity of a 
Na* transport protein, the method comprising isolating from a subject 
suspected of having said disease a sample of cells (such as epitheUal cells or 
lymphocytes) and assessing said sample of cells for reduced or over activity 
of said Na* transport protein or its inhibitory feedback mechanism. 

Preferably, the present invention provides a method of diagnosis of a 
human disease which is characterised by abnormal cytosolic ion composition 
resulting from reduced or over activity of a Na* transport protein other than 
an epithelial Na* receptor. Most preferably, the present invention provides a 
method of diagnosis of a human disease which is characterised by abnormal 
cytosolic ion composition resulting from reduced or over activity of a Na* 
transport protein selected from those which are inactivated by ubiquitination 
(e.g. through the action of a ubiquitin-protein ligase) and, particularly, from 
those included in the group consisting of NHEl. NHE2, NHE3, the Na^-HCO,* 
cotransporter and the Na'^K'^ZCl cotransporters. 

The sample of cells may be assessed for reduced or over activity of Na* 
transport protein by. for example, determining the rate of Na*-dependent 
intracellular pH (pHJ recovery and comparing the value against simUarly 
measured values from cells from healthy tissue isolated from the said 
suffering subject or from a control (i.e. non-diseased) subject or subjects (e.g. 
an average value from a panel of two or more healthy subjects). 

In a variation of tiie invention according to the second aspect, the 
sample of diseased cells may be assessed for over or under expression of tiie 
Na^ transport protein or another protein participating in tiie Na"^ tiansport 
protein inhibitory feedback mechanism (e.g. by polymerase chain (PGR) 
techniques. Northern blot hybridisation. Western blot or 
immunoprecipitation). 

In a tiiird aspect, tiie present invention provides a metiiod of diagnosis 
of a human disease which is characterised by abnormal cytosolic ion 
composition in diseased cells resulting from reduced or over activity of a Na* 
transport protein, tiie metiiod comprising isolating a genomic DNA sample 
from a subject suspected of having said disease and assessing said sample for 
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the presence of a gene encoding a mutated product causitive of said reduced 
or over activity of said Na* transport protein. 

In a fourth aspect, the present invention provides a method of 
assessing a subject for a predisposition to a human disease which is 
characterised by abnormal cytosolic ion composition in diseased cells 
resulting from reduced or over activity of a Na* transport protein, the method 
comprising isolating a genomic DNA sample from a subject and assessing 
said sample for the presence of a gene encoding a mutated product causibve 
of reduced or over activity of said Na* transport protein. 

In the methods of the third and fourth aspects, the human disease is 
preferably one which is characterised by abnormal cytosoUc ion composition 
resulting from reduced or over activity of a Na* transport protein other than 
an epitheUal Na* receptor. Preferably, the Na* transport protein is selected 
from the group consisting of NHEl. NHE2, NHE3. the Na^-HCO," 
cotransporter and the Na*K*2Cl cotransport protein). The genomic DNA 
sample may be isolated using routine protocols known to the art. The 
genomic DNA sample may be isolated from any cell sample such as whole 
blood, tissue biopsy or cheek cell sample. The assessment of the presence of 
a gene encoding a mutated product causitive of reduced or over activity of 
the Na^ transport protein, may be preferably achieved by hybridisation or 
PGR techniques using probes/primers designed to specifically hybridise to 
genes including mutated nucleotide sequences. The gene whose presence is 
to be assessed may encode a mutated Na* transport protein or a mutated 
protein participating in the Na* transport protein inhibitory feedback 
mechanism (e.g. a mutated G-protein or mutated intracellular Na* receptor). 

The methods of the invention are applicable to, for example, 
hypertension, renal failure, cardiac hypertrophy and cardiological syndrome 

X. ^ 
The present applicants have also found that the intracellular Na 

receptor controlling NHEl is blocked by amiloride and amiloride analogs 
with the following order of potency: 

6-iodoamiloride (EC50 = 0.1 Kimol/1) < amiloride (1.0 nmol/1) 
< s-N-dimethylamiloride (30 nmol/1). benzamil (> 30 ^molA) < 
benzimidazolylguanidium (300 junol/1) 

Knowledge of these differing potencies enables the isolation of a DNA 
molecule encoding the intracellular Na* receptor controlling NHEl. That is. 
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by using the a-subunit of G„ as "bait" in a yeast two-hybrid technique ("The 
yeast two-hybrid system" edited by P.L. Bartel & S. Fields. Oxford University 
Press, Oxford, 1997), DNA molecules encoding interacting proteins may be 
isolated from suitable cDNA or genomic DNA libraries and then screened for 
the ability of the encoded proteins to bind 6-iodoamiloride. Further screens 
may be conducted for the relative inability of the encoded proteins to bind 
benzamil, the ability of antibodies raised to the encoded proteins to 
immunoprecipitate the a-subunit of G„. and the ability of antibodies raised to 
the encoded proteins to block the NHEl inhibitory feedback mechanism. 

By using the yeast two-hybrid system with a constitutively active 
mutant of the a-subunit of G„. it is possible to identify and isolate proteins 
which interact with active and hence are involved in the inhibitory 
feedback mechanism at a loci downstream of G„. Similarly, by using the 
yeast two-hybrid system with a dominant negative mutant of the a-subunit of 
15 G,. it is possible to identify and isolate proteins such as the intracellular Na* 
receptors which are involved in the inhibitory feedback mechanism at a loci 
upstreeon of G^. 

The present applicants have isolated 5 cDNA molecules from mouse 

kidney and mandibular gland cDNA libraries encoding likely intracellular 
20 Na* receptors controlling NHEl and Na* channels. The 5 candidates are 

nucleobindin (18). GAIP (19). raplGAP (20) and novel proteins designated 

GILT (formerly designated GILT) and SCunique. 

Thus, in a fifth aspect, the present invention provides an isolated DNA 

molecule encoding an intracellular Na* receptor designated GILT, said DNA 
25 molecule comprising a nucleotide sequence substantially corresponding to 

that shown as SEQ ID NO: 1 or a nucleotide sequence showing S: 75% (more 

preferably ^ 85%, most preferably ^ 95%) homology to that shown as SEQ ID 

NO: 1. 

Preferably, the isolated DNA molecule of the fifth aspect encodes a 
30 protein comprising an amino acid sequence substantially corresponding to 

that shown as SEQ ID NO: 2. 

In a sixth aspect, the present invention provides an isolated DNA 
molecule encoding an intracellular Na* receptor designated SCunique. said 
DNA molecule comprising a nucleotide sequence substantially corresponding 
35 to that shown as SEQ ID NO: 3 or a nucleotide sequence showing > 75% 
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(more preferably ^ 85%, most preferably ^ 95%) homology to that shown as 
SEQ ID NO: 3. 

Preferably, the isolated DNA molecule of the sixth aspect encodes a 
protein comprising an amino acid sequence substantially corresponding to 

that shown as SEQ ID NO: 4. 

The isolated DNA molecule of the fifth and sbcth aspect may be 
incorporated into plasmids or expression vectors (including viral vectors), 
which may then be introduced into suitable bacterial, yeast, insect and 
mammalian host cells. Such host cells may be used to express the receptor 
encoded by the isolated DNA molecule. 

Accordingly, in a seventh aspect, the present invention provides a 
mammaUan, insect, yeast or bacterial host cell transformed with the DNA 
molecvde of the fifth or sixth aspect. 

In an eighth aspect, the present invention provides a method of 
producing an intracellular Na+ receptor, comprising culturing the host cell of 
the seventh aspect under conditions enabling the expression of the DNA 
molecule and optionally recovering the expressed receptors. 

Preferably, the host cell is mammalian, amphibian or of insect origin. 
Where the cell is mammalian, it is presently preferred that it be a Chinese 
hamster ovary (CHO) cell or human embryonic kidney 293 ceU. Where the 
cell is of amphibian origin, it is presently preferred that it be aXenopus 
oocyte. Finally, where the cell is of insect origin, it is presently preferred 

that it be an insect Sf9 cell. 

In a ninth aspect, the present invention provides an intracellular Na* 
receptor designated GILT, said receptor comprising an amino acid sequence 
substantially corresponding to that shown as SEQ ID NO: 2. in a substantially 
pure form. 

In a tenth aspect, the present invention provides a candidate 
intracellular Na* receptor designated SCunique, said receptor comprising an 
amino acid sequence substantially corresponding to that shown as SEQ ID 
NO: 4, in a substantially pure form. 

In an eleventh aspect, the present invention provides an antibody 
which specifically binds to a receptor according to the ninth or tenth aspect. 
Such antibodies may be polyclonal or monoclonal and may be produced in 
accordance with any of the known techniques in the art. 
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The present applicants have also identified two variants of the 
nucleoUde sequence encoding GILT (SEQID NO: 5 and SEQID NO: 6) and 
isolated and sequences some of the 5' non-coding sequence of the nucleotide 
sequence encoding SCunique (SEQ ID NO: 7). It is to be understood that the 
5 present invention extends to these additional nucleotide sequences. 

In a twelfth aspect, the present invention provides a method for 
detecUng agonist or antagonist agents of the receptor of the ninth or tenth 
aspect, comprising contacting said receptor, or a host cell transformed with 
and expressing the DNA molecule of the fifth or sixth aspect, with a test 

10 agent under conditions enabling the activation of said receptor, and detecting 
an increase or decrease in activity of the receptor. 

In a fmther aspect, the present invention provides a nucleic acid 
probe/primer comprising a nucleotide sequence of 10 or more nucleotides 
capable of specifically hybridising to a imique sequence within a DNA 

15 molecule having a nucleotide sequence as shown as SEQ ID NO: 1 or SEQ ID 
NO: 3 imder high stringency conditions. 

As used herein, the term "high stringency conditions" refers to 
conditions that (i) employ low ionic strength and high temperature for 
washing, for example, 15 mM NaCl/1-5 mM sodium citrate/0.1% NaDodS04 at 

20 SO^C; (ii) employ during hybridisation a denaturing agent such as formamide, 
for example, 50% (vol/vol) formamide with 0.1% bovine senma albimain, 
0.1% FicoU, 0.1% polyvinylpyrrolidone, 50 mM sodium phosphate buffer at 
pH 6.5 with 750 mM NaCl, 75 mM sodium citrate at 42''C; or (iii) employ 50% 
formamide, 5 x SSC (750 mM NaCl, 75 mM sodium citrate), 50 mM sodium 

25 phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x Denhardfs solution, 
sonicated salmon sperm DNA (50 jig/ml), 0.1% SDS and 10% dextran sulfate 
at iZ^C in 0.2 x SSC (30 mM NaCl, 3 mM sodium citrate) and 0.1% SDS. 

The term "substantially corresponding" as used herein in relation to 
nucleotide sequences is intended to encompass minor variations in the 

30 nucleotide sequence which due to degeneracy in the DNA code do not result 
in a change in the encoded protein. Further, this term is intended to 
encompass other minor variations in the sequence which may be required to 
enhance expression in a particular system but in which the variations do not 
result in a decrease in biological activity of the encoded protein. 

35 The term "substantially corresponding" as used herein in relation to 

amino acid sequences is intended to encompass minor variations in the 
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amino acid sequences which do not result in a decrease in biological activity 
of the encoded protein. These variations may include conservative amino 
acid substitutions. The substitutions envisaged are:- 

G. A. V, I, L. M; D. E; N, Q; S. T; K. R. H; F, Y, W, H; and 
5 P, Na-allq^lamino acids. 

References to percent homology values herein are calculated by the 
BLAST program blastn as described by Altschul. S.F. et al., "Gapped BLAST 
and PSI-BLAST: a new generation of protein database search programs". 
Nucleic Acids Research Vol. 25. No. 17, pp 2289-3402 (1997). 
10 The terms "comprise", "comprises" and "comprising" as used 

throughout the specification are intended to refer to the inclusion of a stated 
step, component or feature or group of steps, components or features with or 
without the inclusion of a further step, component or feature or group of 

steps, components or features. 
15 The invention will hereinafter be further described by way of the 

following non-Umiting example and accompanying figures. 

Brief description of the accompanvin g figures; 

Figure 1: Shows features of the Na*-dependent pHj recovery measured 

20 with a zero Na* pipette solution. (A) Representative experiment with 10 mM 
ATP in the pipette. The bar indicates the period of readmission of 155 mM 
Na* solution to the bath. (Bj Concentration-response relation for the effect of 
extracellular ethylisopropylamiloride (EIPA) on the Na*-dependent pH 
recovery. (C) The effect of modifying intracellular ATP levels. 

25 Figure 2: Shows inhibition of Na* -dependent pHj recovery by 

cytosolic Na*. (A) Dependency of the Na*-dependent pHi recovery on pipette 
Na*. (B) The effects of inclusion of 20 mM NMDG* in the zero Na+ pipette 
solution, or by buffering intracellular and extracellular Ca" to zero by the 
inclusion of 20 mM i,2-bis(2-aminophenoxy)ethane-N,N.N',N'-tetraacetate 

30 (BAPTA) in the pipette solution and 1 mM EGTA in the bath solution. No 
Ca^* was added to either solution. 

Figure 3: Shows that the Na* feedback inhibition is mediated by a G 
protein. (A) The effect of the addition of 100 jiM GDP-p-S to the pipette 
solution. (B) The effect of the addition of 500 ng/ml activated pertussis toxin 

35 to the pipette solution. (C) The effect of the addition to the pipette solution 
of antibodies directed against various G protein a-subunits [AbGii.i2 = against 
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C terminals of Go,, and Goj,; AbG^,^ = against C terminals of Ga„ and Goq,; 
AbGa = against C terminal of Ga»; AbG„ = against N terminal of Ga^; all 1 m 
200 (vol/vol)]. 

Figure 4: Shows the inhibition of Na* feedback by intracellular 
amiloride. (A) Concentration-dependency of the effect of intracellular 
amiloride when included in 20 mM Na* solution. (B) The effect of the 
inclusion of 0.2 nM activated recombinant a-subunit of G, (act GJ and 
amiloride (10 and 30 nM) in the zero Na* pipette solution. AS and inact G„ 
denote controls in which activation solution or inactive Ga„. respectively, 
were added to the pipette solution. (C) The effect of the inclusion of anti- 
Nedd4 antibody (A-Nd4; 1 ng purified IgG/ml). GST-WW fusion protein (G- 
W; 0.3 mg/ml). GST-wild type-ubiquitin (wt; 0.3 mg/ml) or GST-dominant^ 
negative-ubiquitin (K48R) fusion protein (dn; 0.3 mg/ml) in tiie 20 mM Na* 
pipette solution. In A and C the broken lines indicate the mean rate of pH 
recovery observed with zero Na* pipette solution. 

Figure 5: Shows the mechanisms of feedback inhibition by 
intraceUular Na* of epitheUal Na"^ channels in salivary duct (absorptive) cells 
(A) and Na*-H* exchange in salivary endpiece (secretory) cells (B). In each 
cell model, the apical membrane is on die left and the sodium pump (Na"^. 
ATPase) is shown in the basolateral membrane on the right 

Example 1; rnntrol of Na^>H^ «xchange in salivary spnretnry cells by an 
intracellular Via* receptor. 

MateriaJs and Methods. 

r.ftll Preparation. Male Quackenbush strain mice were killed by 
cervical dislocation, and the mandibular glands were removed, finely 
minced, and incubated for 12 min in a physiological salt solution containing 
1 mg/ml coUagenase (Worthington type IV). The cell suspension was then 
dispersed by trituration and washed with fresh Na* rich bath solution 
containing 145 mM NaCl. 5.5 mM KCl. 1.2 mM MgCl,. 7.5 mM Na-Hepes. 7.5 
mM H-Hepes. 1 mM CaCl^ and 10 mM glucose; the pH was adjusted to 7.4 
with NaOH. The cells were filtered through a 75-nm nylon mesh and kept on 
ice until required. 

P«trh-Clamp Technioues. A technique based on that of Demaurex and 
coworkers (21) was used in which the whole-cell patch-clamp technique is 
used to control cytosolic composition while the pH-sensitive dye, BCECF. is 
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used to measure intracellular pH (pH). The patch-clamp techniques used 
were are described (22). and the cells were loaded with BCECF by including 
it in the pipette solution. Except for the experiments summarised in Figure 
IC, in which MgSO, replaced MgATP. pipettes were filled with solutions 
containing 145 mM K-glutamate and Na-glutamate combined, 5 mM KCl, 5 
mM Mes. 10 mM Mg-ATP. 1 mM EGTA. 40 mM sucrose, and 0.2 mM BCECF; 

the pH was adjusted to 6.0. 

M^;..„mTnentofpH. The equipment used to measure pH was as 
described (23). The chamber (0.3 ml) was continuously perfused with a Na*- 
free bath solution containing 145 mM N-methyl-D-glucamine (NMDG)-C1. 5.5 
mM KCl. 15 mM H-Hepes, 1.2 mM MgCl,. 1 mM CaCl„ and 10 mM glucose 
with a pH of 7.4. Single cells in the whole-cell configuration were voltage- 
clamped at -30 mV. After 3 min they were illuminated alternately at 490 and 
430 nm. Na*-H* exchange activity was measured by reintroducing Na* to the 
bath between 2 and 3 min after the start of illumination. pH, recovery rate 
was determined by fitting a linear regression to the linear phase of the pH, 
recovery (i.e., between 20% and 80% of maximal recovery). Calibration of 
the BCECF signal was by the nigericin high-K* method (23). 

Chemicals. Sources of chemicals and the methods for activating 
pertussis toxin and G protein a-subunits were as reported (24, 25). 
Antibodies directed against the C terminals of the a-subunits of GJG^. 
and GJG were obtained from Calbiochem. and antibodies against the N- 
terminal of the a-subunit of G„ were obtained from DuPont-NEN. They were 
used in the pipette solution at a 1 in 200 (vol/vol) dilution of the solution 
provided by the manufacturer. Glutathione-S-transferase (GST)-WW (G-W), 
GST-dominant negative-ubiquitin (K48R). and GST-wild type-ubiquitin 
fusion proteins were produced as described (24). The anti-Nedd4 antibody 
(A-Nd4) was purified IgG raised in rabbits against the C-terminal half of the 
protein (24, 26). 

Results are presented as means ± SEM. At least five cells were tested 
in each experimental group. Statistical significance was assessed by using 
Student's unpaired t test. All experiments were performed at 22^. 
Results. 

Activity of Na-'-H* exchangers was measured by a technique described 
by Demaurex and coworkers (21) in which the whole-cell configuration of the 
patch-clamp technique is used to control cytosolic composition while the pH- 
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sensitive dye, BCECF, measures pHj. The cells were bathed initially in a zero 
Na* solution so that they would be unable to oppose the acid load imposed 
by the pipette solution using Na*-dependent H* transporters such as the Na*- 
H* exchanger. The bath solution then was changed to one containing 155 
5 mM Na-" so as to activate the Na*-H* exchanger and cause pHj to recover 
toward normal levels (Fig lA). The rate of this Na-^-dependent pH, recovery 
was used to estimate Na^^-H^ exchange activity. The technique was validated 
by demonstrating that Na*-dependent pHj recovery has features consistent 
with its being the result of the NHEl isoform of Na*-ir exchanger, which 

10 predominates in salivary secretory cells. It was found that the Na*- 
dependent pH recovery was highly sensitive to the amiloride analog, 
ethylisopropylamiloride (Fig. IB), and that the recovery depended on the 
presence of ATP (21), being inactivated when intracellular ATP was depleted 
by treatment with 2-deoxy-D-glucose (5 mM) and oligomycin (5 ng/ml; Fig. 

15 IC). 

It was demonstrated that the rate of the Na-'-dependent pH recovery 
declined with increasing pipette Na* concentration (Fig. 2A) in a manner 
similar to that described in sheep F2 Purkinje fibres (27). This inhibition 
evidently was caused by increased INa*]i, because it could not be reproduced 

20 by the large organic cation. NMDG* (Fig. 2B). Because intracellular free Ca^* 
is known to regulate Na*-H* exchangers (28). an investigation was made to 
determine whether a change in free intracellular Ca^"" concentration could 
mediate this phenomenon. It was found that buffering cytosolic and 
extracellular Ca** to nominal zero did not alter the effect of increased [Na^Jj 

25 (Fig. 2B). 

An investigation was also made to determine the mechanism by which 
[Na'^li controls the activity of the Na"'-H"' exchanger. It was foimd that 
inclusion of the pipette solution of 100 nM GDP-p-S (which competitively 
inhibits the binding of GTP by G proteins; ref. (29) or of 500 ng/ml activated 

30 pertussis toxin (which ADP ribosylates G proteins of the G, and G^ classes so 
as to prevent their interaction with receptors; ref. (30), reversed the 
inhibitory effect of 20 mM Na* (Fig. 3A and B). The ability of these agents to 
overcome the inhibitory effect of raised intracellular Na* completely without 
altering the electrochemical gradient for Na* indicates that the inhibition is 

35 not caused by a decreased electrochemical driving force for Na*-H* 

exchange. Rather, it must be caused by a G protein-mediated feedback 
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pathway. In this regard, it was further found that inclusion in the pipette 
solution of antibodies directed against the a-subunit of the protein, which 
is known to be expressed in salivary endpiece cells (31), abolished the 
inhibitory effect of 20 mM Na*. In contrast, antibodies directed against the 

5 a-subunits of G^, G^, and Gjj were without effect (Fig. 3C). 

In the absorptive cell of the salivary duct, (Na^]i is sensed by a receptor 
the effect of which is mediated by G„ (10). This receptor is blocked by 
amiloride and amiloride analogs such as dimethylamiloride and 
benzimidazolylguanidinium, thus explaining the ability of these agents to 

10 stimulate Na* channel activity. It was foimd that the inclusion of amiloride 
in the pipette solution reversed the inhibitory effect of 20 mM Na* (Fig. 4A). 
Further, it was found that the inclusion of the activated a-subimit of G^ in 
the zero Na* pipette solution (Fig. 4B) inhibited the Na-'-H-' exchanger and 
that the inclusion of as much as 30 |iM amiloride in the pipette solution was 

15 unable to overcome this inhibition (Fig. 4B). Thus, amiloride exerts its 
inhibitory action upstream of G„, presumably at the putative receptor for 
intracellular Na*. 
Discussion. 

It has been previously shown that [Na*]i and the G protein, G„, regulate 

20 the activity of the epithelial Na"" charmel in the duct cells of the mouse 

mandibular gland via Nedd4 (24), a ubiqviitin-protein ligase that is believed 
to bind to Na"- channels and regulate their activity by ubiquitinating them 
(12, 13). Here, it was found that feedback inhibition of the Na'^-H'^ exchanger 
was not prevented by inclusion in the pipette solution of an antibody 

25 directed against Nedd4 or of a fusion protein composed of GST and the three 
WW-domains of mouse Nedd4 (GST-W), which acts as a dominant negative 
mutant of Nedd4 (Fig. 4C). This finding is consistent with the low level of 
expression of Nedd4 in endpiece cells (24). Feedback inhibition was 
blocked, however, by inclusion of a dominant negative mutant of ubiquitin 

30 (K48R) (24) in the pipette solution (Fig. 4C). indicating that feedback 
regulation of the exchanger nevertheless is mediated by ubiquitination. 
Because our preliminary data show that NHEl transfected into COS cells is 
ubiquitinated (data not shown), the findings indicate that feedback regulation 
of NHEl is mediated by ubiquitination of the exchanger protein. The control 

35 system then would resemble the control of surface expression of epithelial 
Na* channels by ubiquitination of the cheumel protein catalysed by Nedd4. 
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It cannot be excluded however, that the inactivation of NHEl produced by 
Na* feedback is the result of ubiquitination of a protein associated with the 
exchanger, as recentiy has been proposed for the control of the growth 
hormone receptor by ubiquitination (32). Whatever the mechanism, the 
present findings taken together with the finding that activity of epithelial Na* 
channels can be rapidly down-regulated by ubiquitination suggest that 
ubiquitination may be a general mechanism for the rapid control of 
membrane transport protein activity. 

Fv;.ni ple 2; Pr«vefHion of the progression o f Hiphatic nephronathv and other 

forms of cbronic renal failure bv R-inHnamiloride. 

Materials nnd methods. 

20 mg 6-iodoamiloride tablets may be formulated and taken orally at a 

dosage of one or two every 6 hovirs. 
Discussion. 

6-iodoamiloride acts by blocking the intracellular Na* receptor that 
controls NHEl and other sodium-dependent transporters as well as mediating 
the normal ceUular responses to increased intracellular sodium 
concentration (which include release of cytokines and increased cell growth 
and proliferation (44). In this way. cytokine release and cellular proUferation 
caused by increased intracellular sodium can be treated with 6-iodoamiloride 
to prevent the cytokine release and cell growth and proliferation that lead to 
progression of renal failure. 

Example 3; Treatment of cells with reduced Na^ transport with 
recombinant adenovirus. 

MateriaJ!: and methods. 

RBrnmbinapt adenovirus. Recombinant adenovirus including an 
expressible gene encoding the Na* receptor. GILT may be prepared by 
routine molecular biology techniques (33). Particularly, the clone encoding 
GILT (SEQ ID NO:l) may be ligated to a suitable mammalian promoter 
sequence (e.g. CMV (45)) and inserted into a suitable vector for the transfer, 
by homologous recombination, of the recombinant GILT gene into an 
adenovirus as described by He et al. (46). 

Administration. The recombinant adenovirus may be formulated and 
administered in accordance with known methods in the art. In particular, 
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the recombinant adenovirus may be formulated for administration as a nasal 
spray or intrabronchial spray or given intraveneously (47, 48) or direct 
injections of muscle or of organs (49). With administration to the respiratory 
tract (50). the recombinant adenovirus will preferably be administered at a 
dose of 10° plaque forming units (pfu) at intervals between 2 and 4 weeks. 
Discussion. 

Upon infection of host diseased cells, the adenovirus will bring about 
the expression of functional GELT protein to decrease Na* transport and 
restore cytosolic ion composition to substantially that of corresponding 
healthy cells. 

Kicample 4; Prevention of thp progressi" " nf chronic hypoxic pulmonai 
hypertension and other forms of pul monary hypertension by 6- 
indnamiloridB and other i nhibitors of snrfiiim receptor. 

Materials and methods. 

20mg 6-iodoamiloride tablets may be formulated and taken orally at a 

dosage of 1 or 2 every 6 hours. 

Discussion. 

6-iodoamiloride acts by blocking the intracellular Na* receptor that 
controls NHEl and other sodium-dependent transporters as well as 
mediating the normal cellular responses to increased intracellular sodium 
concentration (which include release of cytokines and increased cell growth 
and proliferation (44). In this way. cytokine release and cellular proliferaUon 
caused by increased intracellular sodium can be treated with 6-iodoamiloride 
to prevent the cytokine release and cell growth and proliferation that lead to 
progression of puhnonary hypertension due to chronic hypoxia (51). 



It will be appreciated by persons skilled in the art that numerous 
variations and/or modifications may be made to the invention as shown in 
the specific embodiments without departing from the spirit or scope of the 
invention as broadly described. The present embodiments are. therefore, to 
be considered in all respects as illustrative and not restrictive. 
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Claims: 



10 



15 



20 



1. A method of treatment of a human disease which is characterised by 
abnormal cytosolic ion composition in diseased cells resulting from reduced 
or over activity of a Na* transport protein, the method comprising 
administering to a subject having said disease an effective amount of an 
agent that substantially restores the ion composition of the cytosol in said 
diseased cells to that which is found in corresponding cells from healthy 
tissue. 

2. A method according to claim 1. wherein the Na* transport protein is 
other than an epithelial Na"" receptor. 

3. A method according to claim 1, wherein the Na* transport protein is 
selected from the group consisting of Na^-H* exchanger 1 (NHEl). Na^-IT 
exchanger 2 (NHE2). Na^-lT exchanger 3 (NHE3), the Na^-HCO," 
cotransporter and the Na*K*2Cl cotransporter. 

4 A method according to any one of claims 1-3. wherein the abnormal 
cytosolic ion composition in diseased cells arises from reduced Na* transport 
protein activity. 



5. A method according to claim 4. wherein said agent is selected from 
gene therapy agents and blocking agents of the Na* transport protein 

25 inhibitory feedback mechanism. 

6. A method according to claim 5. wherein said agent is a recombinant 
adenovirus including a nucleotide sequence encoding a non-mutated Na* 
transport protein which is other than a non-mutated epitheUal Na* receptor. 

30 

7. A method according to claim 5. wherein the agent is selected from 
amiloride and amiloride analogs. 

8. A method according to claim 5 . wherein said agent is a G-protein 
35 inhibitor. 
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9. A method according to claim 8 . wherein the G-protein inhibitor is 
selected from GDP-p-S and NF023. 

10. A method according to claim 5 . wherein said agent is a ubiquitin 
protein ligase inhibitor. 

11 A method according to claim 10, wherein the ubiquitin protein Ugase 
inhibitor is selected from dominant negative mutants of ubiquitin and agents 
that prevent binding of ubiquitin protein ligase to Na* transport proteins. 

12. A method according to any one of claims 1-3. wherein the abnormal 
cytosolic ion composition in diseased cells arises from over activity of a Na^ 
transport protein. 

13. A method according to claim 12. wherein said agent is selected from 
gene therapy agents, intracellular Na* receptor activators; G-protein 
activators, ubiquitin ligase activators and endocytosis triggering agents. 

14. A method according to claim 13. wherein said gene therapy agent is an 
adenovirus including a nucleotide sequence encoding a non-mutated protein 
which participates in tiie Na* transport protein inhibitory feedback 
mechanism. 

15 . A method according to claim 13. wherein said intiacellular Na* 
receptor activator is selected from guanidium and guanidium analogs. 

16. A method according to claim 13, wherein said G-protein activator is 
selected from GDP-y-S and receptor mimetic peptides. 

17. A metiiod of diagnosis of a human disease which is characterised by 
abnormal cytosolic ion composition in diseased cells resulting from reduced 
or over activity of a Na* tiansport protein, tiie method comprising isolating 
from a subject suspected of having said disease a sample of cells and 
assessing said sample of cells for reduced or over activity of said Na* 
tiransport protein or the Na* transport protein in inhibitory feedback 
mechanisms. 
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18. A method according to claim 17. wherein said Na* transport protein is 
other than an epithelial Na* receptor. 

19. A method according to claim 17. wherein said Na* transport protein is 
selected from the group consisting of Na^-H* exchanger 1 (NHEl). Na*-H^ 
exchanger 2 (NHE2). Na^-IT exchanger 3 (NHE3). the Na^-HCO," 
cotransporter and the Na-'K^ZCl cotransporter. 

20. A method according to any one of claims 17 to 19. wherein the sample 
of cells is a sample of epitheUal cells or lymphocytes. 

21 A method according to any one of the claims 17 to 20. wherein the 
sample of cells is assessed for reduced or over activity of Na* transport 
protein by determining the rate of Na^-dependent intracellular pH (pHJ 
recovery and comparing said rate against similarly measured rates from cells 
from healthy tissue isolated from said subject or a control subject(s). 

22 A method of diagnosis of a human disease which is characterised by 
abnormal cytosolic ion composition in diseased, the method comprising 
isolating from a subject suspected of having said disease a sample of cells 
and assessing said sample of cells for over or under expression of the Na* 
transport protein or another protein participating in the Na* transport protem 
inhibitory feedback mechanism. 

23 A method of diagnosis of a human disease which is characterised by 
abnormal cytosolic ion composition in diseased cells resulting from reduced 
or over activity of a Na* transport protein, the method comprising isolahng a 
genomic DNA sample from a subject suspected of having said disease and 
assessing said sample for the presence of a gene encoding a mutated product 
causative of said reduced or over activity of said Na* transport protem. 

24 A method of assessing a subject for a predisposition to a human 
disease which is characterised by abnormal cytosolic ion composition in 
diseased cells resulting from reduced or over activity of Na* transport 
protein, tiie metiiod comprising isolating a genomic DNA sample from a 



wo 01/12805 





PCT/AUOO/00980 



25 



subject and assessing said sample for the presence of a gene encoding a 
mutated product causative of said reduced or over activity of said Na* 
transport protein. 

5 25. A method according to any one of claims 22 or 24. wherein the said 
Na-^ transport protein is other than an epithelial Na* receptor. 

26 A method according to any one of claims 22 to 24. wherein said Na* 
transport protein is selected from the group consisting of Na^-H^ exchanger 1 
10 (NHEl). Na--H* exchanger 2 (NHE2). Na*-H* exchanger 3 (NHE3). the Na*- 
HCO3- cotransporter and the Na^K*2Cl cotransporter. 

27. A method according to any one of claims 1 to 26. wherein the said 
human disease is selected from hypertension, renal failure, cardiac 

15 hypertrophy and cardiological syndrome X. 

28. An isolated DNA molecule encoding an intracellular Na* receptor 
designated GILT, said DNA molecule comprising a nucleotide sequence 
showing ^ 75% homology to the nucleotide sequence shown as SEQ ID NO: 

20 1. 

29 A DNA molecule according to claim 28. wherein said DNA molecule 
comprises a nucleotide sequence showing 2: 85% homology to the nucleotide 
sequence shown as SEQ ID NO: 1. 

30 A DNA molecule according to claim 28, wherein said DNA molecule 
comprises a nucleotide sequence showing ^ 95% homology to the nucleotide 
sequence shown as SEQ ID NO: 1. 

31. A DNA molecule according to claim 28, wherein said DNA molecule 
comprises a nucleotide sequence substantiaUy corresponding to that shown 
as SEQ ID NO: 1. 

32. A DNA molecule according to claim 28, wherein said DNA molecule 
35 encodes a protein comprising an amino acid sequence substantially 

corresponding to that shown as SEQ ID NO: 2. 



25 



30 
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33 An isolated DNA molecule encoding an intracellular Na* receptor 
designated SCunique. said DNA molecule comprising a nucleotide sequence 
showing S 75% homology to the nucleotide sequence shown as SEQ ID NO: 



3. 



34 A DNA molecule according to claim 33. wherein said DNA molecule 
comprises a nucleotide sequence showing ^ 85% homology to the nucleotide 
sequence shown as SEQ ID NO: 3. 

35 A DNA molecule according to claim 33, wherein said DNA molecule 
comprises a nucleotide sequence showing ^ 95% homology to the nucleotide 
sequence shown as SEQ ID NO: 3. 

15 36 A DNA molecule according to claim 33. wherein said DNA molecule 
comprises a nucleotide sequence substantially corresponding to that shown 
as SEQ ID NO: 3. 

37. A DNA molecule according to claim 33, wherein said DNA molecule 
encodes a protein comprising an amino acid sequence substantially 
corresponding to that shown as SEQ ID NO: 4. 

38. A host cell transformed with a DNA molecule according to any one of 
claims 28 to 37. 



39 A method of producing an intraceUular Na^ receptor, comprising 
culturing the host cell of claim 38 under conditions enabling the expression 
of said DNA molecule and optionaUy recovering the expressed receptors. 

40. An intiacellular Na* receptor designated GILT, said receptor 
comprising an amino acid sequence substantially corresponding to that 
shown as SEQ ID NO: 2. in a substantially pure form. 

41. An intracellular Na* receptor designated SCunique. said receptor 
35 comprising an amino acid sequence substantially corresponding to that 

shown as SEQ ID NO: 4, in a substantially pure form. 
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42. An antibody which specifically binds to a receptor according to claim 
40 or 41. 

5 43. A method for detecting agonist or antagonist agents of the receptor of 
claim 40 or 41, wherein said method comprises contacting said receptor, or a 
host cell transformed with and expressing the DNA molecule of any one of 
claims 28 to 37. with a test agent under conditions enabling the activation of 
said receptor, and detecting an increase or decrease in activity of the 

10 receptor. 

44. A nucleic acid probe or primer comprising a nucleotide sequence of 10 
or more nucleotides, wherein said probe or primer specificaUy hybridises to a 
unique sequence within the DNA molecule of claim 31 or 36 under high 

15 stringency conditions. 

45 . An isolated DNA molecule comprising a nucleotide sequence 
substantially corresponding to that shown as SEQ ID NO: 5. 



20 



46. An isolated DNA molecule comprising a nucleotide sequence 
substantially corresponding to that shown as SEQ ID NO: 6. 

47. An isolated DNA molecvde comprising a nucleotide sequence 
substantially corresponding to that shown as SEQ ID NO: 7. 



25 
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Figure 1 
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Figure 2 




r 
0 



I ■ r 
5 10 15 20 

pipette Na*^ (mM) 



B 



■ 20 mM Na*** 
ONa*-<fee 
20 mM NMDG-^ 



0.016- 
0.012- 
0.006- 
OXXM- 

i 




wo 01/12805 



PCT/AUOO/00980 



3/5 



Figure 3 
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Sequence Listing; 

<110> The University of Sydney 

<120> Methods for diagnosis and treatment of human diseases 
including hypertension 

<160> 7 

<170> Patentin Ver. 2.1 



<210> 1 
<211> 3186 
15 <212> DNA 

<213> Mus musculus 

<400> 1 



atggaggcct cctgtctaga gctggccctg gaaggggagc gg<=tgtgcaa HH^^f^ f 
in ttcaaalcag gtgtggcttt cttcgaggct gctgtgcagg tgggcactga ggacctgaag 120 
acacJglgtg Scltllacag ccagltgggc aatgcctact tctacctgaa g^agtatgcc 180 
caaaccctgc agttctacaa acatgacttg ctgctggcac ggaccattgg tgaccgcatg 240 
aaaaaaac?a aggctagtgg gaacctgggc aacacactca gggccctagg ccgattcgat 300 
?S?caItcg ?llgct?cll Icgacalttg gacattgccc aggagcaggg ggacaaggtt 360 
25 aaaJaSScgl gagLcLta caacattgga aatgtgtacc acgccaaggg caaacagctt 420 
?^^?™ta ctacacagga ccccgggcac ctgccacctg atgtccgcga gacactgcac 480 
aSSSSS; a5?tttS?J gagglllctg tctttggtga aggaactagg cgaccgggcg 540 
ac??aaggcJ gJgcctatSI Lllctgggt aacacccact acctactggg aaacttcacg 600 
JaggSHaJ ???tccacS agagcgcctg gccatcgcca aggagtttgg g^acaaggca 660 
30 actaagcgga gggcctacag caacctgggc aatgctcaca tcttcttggg gcgctttgat 720 
2tg?clgltg Hlattacal gaagacgctg cagctgtctc gg^agctccg gg^ccaggca 780 
Z-^Jt =.„«^4-+.flcta caacctaaac aacacctaca cactgctaca ggactacgag b4U 
lg?5c??cS W^^oclTol g^^gca^IL gtcattgccc aggagctggc ^gatagggtg 900 
gga?ag?g=c gigcatgctg gagcctgggg aacgcctatg tgtccatggg ^^S^^^gca 960 
35 caaaclttga cctttgccaa gaaacatctg cagatctccc aggagattgg agaccgaaac 1020 

ggagaact^a cagcccgcat |aatattgcc cacctgcagc tggccctggg <=cggctgact 1080 
ajcccagclg cagcggagaa gccagatctg gctggctatg aggcacaagg agcaagaccc 1140 
alacaalcac agaggct|ag tgccgagacc tgggacctgc tgcggctccc cctggaccgg 1200 
aaacaaaatg giglgaccci clacacaggg gactggaggg gtccaggcag ggactcgctt 1260 
40 cccctlccci LIggagcag gaagtaccag gaaggtccag atgccattga gaggagaccc 1320 
cgggagggta g^cHt^tcl Ict|gacagt gctgatgtaa gggtacaggt gc^^cgtacg 1380 
S??a??cLa gggccccgtc ttctgacgag gagtgtttct ttgacctgct gagtaagttc 1440 
«gScagtc gcltggalga ccagcgctgt cccctggagg aaggccaggc tggggctgct 1500 
gaggccacag ctgccccatc cgtggaggat agagcagctc agtcctccgt gacagcttca xaeu 
45 ccllaqacag aggagttctt tgacctcatt gccagctccc agagccgccg gctggacgac 1620 
^ c^gagggcta gcgtlggcag cctgcctggg ctacgcatca ccctcaacaa tgtggggcac 1680 

ctccaaoqcg acggggacgc ccaggagccg ggggatgagt ttttcaacat gcttatcaaa 

S "S- s-ss 

atggtgggt^ cacaaggccc clccatccca ggtggtgggt gcaggctaga gf g^^atat 2160 
55 ggggglgggi atgctlltgt ccccatggat ctccacagct tcctgcaggc ctgccctgcc 2220 
clJIcctagg ccgggccttc agcatgttgg ccccgagccc cggtgctgtc cagagtcttt 2280 
tclctcaaj? cc?JIcctgc caaatgtgaa actctgccaa ctctcccaag gcccccagag 2340 
gggcttSIg gacltcttlt ggtgggggct acagtgctaa ggcatcttct gtcccccagc 2400 
llgtcctggg atggctatga aggaggtaca ctctgatctg cctcacgacc ccagggcagg 2460 
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40 
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55 



60 



cactatcctg gcctggctgt gcccaaccct gctgagggag attggcagct acaaagtcca 2520 
gacaccctga cctggtagtc cccagccttg -cttggcct ttgaggaaag -tgg g^^^g ^^^^ 
cccctggcag aggggagagg caggtctcca ^9""?^^^ ^ I ^gtcctctta 2700 

ctctggctgg tagtggacgt tcatgaggga tcctctcaac tagatccttc 9 2760 
gtgagcatct accttctatt actagggaga tgatatcttg g=^ttctccc H^HH ^szo 
tccatatctt aattggacac agggcactgt agttgggg^g ^ 9 ^ acaagtecta 2880 

ggggcatcca tgagacagac ""cgggac cgtggtccta ^ttcttgc^^ tacccagagg 2940 
taggtagccc tactggaggg ^^ctgtacaa ^^gtctaa S^g^^^^^ tcactctgag 3000 

iiiimni gssss ifcSaiir. hul..^ oiiu.... 3180 



<210> 2 

<211> 650 

<212> PRT 

<213> Mus mus cuius 

<400> 2 



Set Gli Ala Ser Cys Leu Glu Leu Ala Leu Glu Gly Glu Arg Leu Cys 
1 5 

Lys Ala Gly Asp Phe Lys Ala Gly Val Ala Phe Phe Glu Ala Ala Val 



Gin val Gly Thr Glu Asp Leu Lys Thr Leu Ser Ala lie Tyr Ser Gin 

35 *^ 
Leu Gly Asn Ala Tyr Phe Tyr Leu Lys Glu Tyr Ala Arg Ala Leu Gin 

50 

Phe Tyr Lys His Asp Leu Leu Leu Ala Arg Thr lie Gly Asp Arg Met 
35 65 70 

Gly Glu Ala Lys Ala Ser Gly Asn Leu Gly Asn Thr Leu Arg Ala Leu 



85 90 



^1. 1-1 „ zvia Tie Val CVS Cys Gin Arg His Leu Asp lie 

Gly Arg Phe Asp Glu Ala lie vax ^ys ^ 



100 



Ala Gin Glu Gin Gly Asp Lys Val Gly Glu Ala Arg Ala Leu Tyr Asn 

115 120 
lie Gly Asn Val Tyr His Ala Lys Gly Lys Gin Leu Ser Trp Asn Ala 



130 



135 



Ala Gin ASP pro Gly His Leu Pro Pro Asp Val Arg Glu Thr Leu His 
50 145 150 

Arg Ala Ser Glu Phe Tyr Gly Arg Asn Leu Ser Leu Val Lys Glu Leu 



165 



^-1 Tvi^ ri« riv Ara Ala Tvr Gly Asn Leu Gly Asn Thr 
Gly Asp Arg Ala Ala Gin Gly Arg Axa lyj. j 



180 

His Tyr Leu Leu Gly Asn Phe Thr Glu Ala Thr Thr Phe His Lys Glu 
195 200 203 
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Arg Leu Ala He Ala Lys Glu Phe Gly A3p Lys Ala Ala Glu Arg Arg 

210 215 
Ala Tyr Ser Asn Leu Gly Asn Ala His He Phe Leu Gly Arg Phe Asp 
5 225 

Val Ala Ala Glu His Tyr Lys Lys Thr Leu Gin Leu Ser Arg Gin Leu 

245 250 

10 Arg ASP Gin Ala Val Glu Ala Gin Ala Cys Tyr Ser Leu Gly Asn Thr 

260 2oo 

Tyr Thr Leu Leu Gin Asp Tyr Glu Arg Ala Ala Glu Tyr His Leu Arg 



15 



25 



30 



40 



45 



55 



275 

Val He Ala Gin Glu Leu Ala Asp Arg Val Gly Glu Gly Arg 
290 295 300 

Ala cys Trp Ser Leu Gly Asn Ala Tyr Val Ser Met Gly Ser Pro Ala 
20 305 310 

Gin Ala Leu Thr Phe Ala Lys Lys His Leu Gin He Ser Gin Glu He 



Gly Asp Arg Asn Gly Glu Leu Thr Ala Arg Met Asn He Ala His Leu 

340 345 

Gin Leu Ala Leu Gly Arg Leu Thr Ser Pro Ala Ala Ala Glu Lys Pro 
355 360 363 

ASP Leu Ala Gly Tyr Glu Ala Gin Gly Ala Arg Pro Lys Arg Thr Gin 

370 ^'^^ 
Arg Leu Ser Ala Glu Thr Trp Asp Leu Leu Arg Leu Pro Leu Asp Arg 



35 385 



390 



Glu Gin Asn Gly Glu Thr His His Thr Gly Asp Trp Arg Gly Pro Gly 

405 

Arg ASP ser Leu Pro Leu Pro Met Arg Ser Arg Lys Tyr Gin Glu Gly 

420 42d 

Pro ASP Ala He Glu Arg Arg Pro Arg Glu Gly Ser His Ser Pro Leu 
435 

Asp ser Ala Asp Val Arg Val Gin Val Pro Arg Thr Gly He Pro Arg 

450 455 
Ala Pro ser Ser Asp Glu Glu Cys Phe Phe Asp Leu Leu Ser Lys Phe 
50 465 ^■'O ^ 

Gin ser Ser Arg Met Asp Asp Gin Arg Cys Pro Leu Glu Glu Gly Gin 



485 



490 



Ala Gly Ala Ala Glu Ala Thr Ala Ala Pro Ser Val Glu Asp Arg Ala 



500 

Val Thr Ala Ser Pro Gin Thr Glu 

525 



Ala Gin Ser Ser Val Thr Ala Ser Pro Gin Thr Glu Glu Phe Phe Asp 
515 S20 



60 
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530 

val Gly Ser Leu Pro Gly Leu Arg He Thr Leu Asn Asn Val Gly His 
5 545 

.eu Arg Gly A.p Gly Asp Ala Gin Glu Pro Gly Asp Glu Phe Phe Asn 

565 

r.i« c:*.r sor Ara He Asp Asp Gin Arg Cys Pro 
10 Met Leu He Lys Tyr Gin Ser Ser Arg ixe /«p y 

580 

ASP val Leu Pro Arg Gly Pro Thr Met Pro Asp Glu Asp Phe 



15 



35 



40 



45 



50 



55 



Pro Pro 

595 



600 



Phe ser Leu He Gin Arg Val Gin Ala Lys Arg Met Asp Glu Gin Arg 

£Tt f> 615 



610 



val ASP Leu Ala Gly Ser Pro Glu Gin Glu Ala Ser Gly Leu Pro Asp 



20 625 

pro Gin Gin Gin Cys Pro Pro Gly Ala Ser 

645 



25 



<210> 3 
<211> 2566 
<212> DNA 
30 <213> Mus musculus 



60 



<400> 3 ^,.v=.«r.i-aa catcaccgct ccaagactag ccgctcagcg 60 

aaggaggaca ctgcctggct g^^tagctag =»^=9ccg ^^^^^^ tgggttcggc 120 

accacagccg ggttgctcca ^c^taagtcg |«99cgcctg ggagccccgg 180 

tgctctccca gcatccctca cgcgtggacg ^«|9g« gcccggtgcc aggggccatg 240 
ggtttggccg attgcgtctt cccagcccaa ^""^"jc ^ gacagaagct 300 

gigccllggg cagttgcgga tgocttggag -jcggagagg ^^9-^9^99^ Lagcaglag 360 
ctgcggtcgt tcaaccggga gcattctcag agcagggctt gtcaccaaag 420 

gacaglaaga gactcgcaaa gctactggtc ^ccgtcctgg ^l^^ |tgcctggac 480 
caccgtgtca cctggctgca gactatccga Itgctgacat taccgtctca 540 

tcatttgcca gccgccagag cttacatgca =tagcctgct 9 9 caaatgcctg 600 

gaggaaccca tcccacagtc cccagacatg g^^gtcctcc ^=9 9 tcgcctggtg 660 

Igllatcttg tgctcagcag tccaacagca '^lllllf l "?;t?clca cglagtccag 720 
g?gaggctag cggagcgtgt ggg-^gtac cgcaagagga 9 g^gccagcaa 780 

ttctttgact tgaggctcct tttcctgcta ^ cgctggaact aacactgggc 840 

ctgtttcagg agctgcacgg tgtacgcctg ctgactgatg ^g ^ ^g^^^^g 900 

gtggccccca aagaaaaccc tccggtgatg ^^^"^^c ^ | agttgatgag 960 

gagatcctca aagtgctctt ^aatatcacc ^ ggcactgcgt gatggttgaa 1020 

gaagatgctg ccctttaccg Stacctgggg ^^^cttctg gg^^^^^^^^ ggggaacttg 1080 
gctgctgggg accgcacaga ggfgttc"c g|^" acgaaggatc cttagagttc 1140 

Iccltcaagt gtttggatgt gcttctggcc ^tggagctcc ^ J 99 acgtltgcac 1200 

atgggagtta acatggatgt gf "^^'^^ cctgtgctga acgtg?tgac agaatgtgcc 1260 

cagacccaca ggctgaagga atgtgtggca ^^^gtgctg tctgagggat 1320 

cgcatgcacc gtcctgccag gaagttcctg ^^gg"^*|| agct?gtccg cctcatgaca 1380 

glgaggactc ggcctgaggt ggggg^^^^5 Stttjtctl atgttctgaa 1440 

cacctggata cagatgtgaa gagagtagct g^^^agctc « cctggctgcc 1500 

agtgticccc gattcatcaa gtacacaggc ^acgggaatg «9 H isgO 

alglgcctca tggctggggg -gacccgag gjccagtact "J^gg J ^g^^^^^^g i^^O 

l^lllllll llllllllll agglatraca gaggagcaga aggaacatga ggccatgaag 1680 
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15 



35 



40 



50 



55 



^i-.ntaaaca tgtttgacaa gctctccagg cacagagtca tccaacccat ggggatgagt 1740 
ctagtgaaca ^9"^^*^ Ictgcaagat gcgatgtgtg agacaatgga gggacagctc 1800 
cccaggggtc acctcacttc ^_^taccaqc ggccttgctc cccttcagaa 1860 

tcctcagacc ctgactcaga tcctgactga ^gatgccagc 99 9^ ccctctccag 1920 
ctggtgcjgc ^tccagacat Jtcc^ggggt ^ctgcc^^^^ ?gcltttggt ccagtttcct 1980 
ctggggagcc c"ctctctc ^^^^ qtgaagacgg ggaaccca cc tttcatttcc 2040 

gtgtttagga c^gtggtagt cttaccctct ^^gaag gg 99 ctggcacata 2100 

acaagtgaag "9"tcttg 9atgtggctg 9^ cacatggtgt aagcatgact 2160 

aatgaaca1:g cgtgtatgag ggtggv-ao y „„„„-lZle-a ctatatttca aacattttag 2220 

^^r??^2 iiiiiiiiii s-gtcrg; iifcaircc! ^^oo^^c^d 2280 

aatctgttga ""gtttaa 9 9 | cttcttaact ttttggtcct ggcgctgcca 2340 
tggccccact ga9<=acaggg "^9^99 actaqttgtg acaactaact cagtcacaac 2400 
cccactgcag Jatccgcata cccaagcctc actag^^g J gt,,,,tetg agattctgag 2460 

gScISata faggagfgf^ ?gg'g!cLga ctgtgtatgt jaaf * ...g.aaggc 2 20 

lattaaacag aaactgattt caaaaaaaaa aaaaaaaaaa aaaaaa 



<210> 4 
<211> 530 
20 <212> PRT 

<213> Mus mus cuius 

m1?°g1u Pro Arg Ala Val Ala Asp Ala Leu Glu Thr Gly Glu Glu Aap 
25 1 * 

Ala val Thr Glu Ala Leu Arg Ser Phe Asn Arg Glu His Ser Gin Ser 

20 25 



30 Phe Thr Phe Asp Asp Ala Gin Gin Glu Asp Arg Lys Arg Leu Ala Lys 

35 

Leu Leu Val Ser Val Leu Glu Gin Gly Leu Ser Pro Lys His Arg Val 



SO 

Thr Trp Leu Gin Thr lie Arg He Leu Ser Ar| Asp Arg Ser Cys Leu 



55 



Asp ser Phe Ala Ser Arg Gin Ser Leu His Ala Leu Ala cys Tyr Ala 

85 

ASP He Thr Val Ser Glu Glu Pro lie Pro Gin Ser Pro Asp Met Asp 
*^ 100 

45 val Leu Leu Glu Ser Leu Lys Cys Leu Cys Asn Leu Val Leu Ser Ser 

X^5 

Pro Thr Ala Gin Met Leu Ala Ala Glu Ala Arg Leu Val Val Arg Leu 
130 

Ala Glu Arg Val Gly Leu Tyr Arg Lys Arg Ser Tyr Pro His Glu Val 
145 

Gin Phe Phe Asp Leu Arg Leu Leu Phe Leu Leu Thr Ala Leu Arg Thr 
ASP val Arg Gin Gin Leu Phe Gin Glu Leu His Gly Val Arg Leu Leu 
Ala Leu Glu Leu Thr Leu Gly Val Ala Pro Lys Glu Asn Pro 



60 Thr Asp 
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10 



15 



20 



25 



30 



35 



40 



45 



195 



200 



205 



r-i„ Thr Glu Arg Ala Met Glu lie Leu 
Val Met Leu Pro Ala Gin Glu Thr e±u Axg 



50 



55 



Pro vaJ. wet —-g 220 

I.ys vll Leu Phe Asn He Thr Phe Asp Ser Val Lys Arg Glu Val Asp 

225 230 

Glu Glu ASP Ala Ala Leu Tyr Arg Tyr Leu Gly Thr Leu Leu Arg His 

245 

cys val Met Val Glu Ala Ala Gly Asp Arg Thr Glu Glu Phe His Gly 

^ 260 265 

His Thr val Asn Leu Leu Gly Asn .eu Pro Leu Lys Cys Leu Asp Val 
275 280 

, ^ z^^ r-i,, nv ser Leu Glu Phe Met Gly Val 
Leu Leu Ala Leu Glu Leu His Glu Gly Ser Leu 

290 295 

Met ASP val He Ser Ala Leu Leu Ala Phe Leu Glu Lys Arg Leu 

305 

T » ri« rvs Val Ala Pro Val Leu Asn Val 
His Gin Thr His Arg Leu Lys Glu Cys vai Axa 

325 ^•^^ 

,v M^f. H4« Ara Pro Ala Arg Lys Phe Leu Lys 
Leu Thr Glu Cys Ala Arg Met His Arg Fro y 



;aa Gin val Leu Pro Pro Leu Arg Asp Val Arg Thr Arg Pro Glu Val 
355 360 

Val Ara Leu Met Thr His Leu Asp 
Gly Asp Leu Leu Arg Asn Lys Leu Val Arg Leu 

370 

Thr ASP val Lys Arg Val Ala Ala Glu Phe Leu Phe Val Leu Cys Ser 



385 



alu ser val Pro Arg Phe He Lys Tyr Thr Gly Tyr Gly Asn Ala Ala 



405 4" 



Gly Leu Leu Ala Ala Arg Gly Leu Met Ala Gly Gly Arg Pro Glu Gly 



60 



420 425 
aln Tyr Ser Glu Asp Glu Asp Thr Asp Thr Glu Glu Tyr Arg Glu Ala 
435 

s.r lie .... V.1 Th. Oly «, V.1 Glu 01. Lys pro Pro 

450 

Asn pro Met Glu Gly Met Thr Glu Glu Gin Lys Glu His Glu Ala Met 

Z Leu val Asn Met Phe Asp Lys Leu Ser Arg His Arg Val lie Gin 
^ 485 

/-T,r Hie Leu Thr Ser Leu Gin Asp Ala 

pro Met Gly Met Ser Pro Arg Gly His Leu Tnr 

500 

Met cys Glu Thr Met Glu Gly Gin Leu Ser Ser Asp Pro Asp Ser Asp 



wo 01/12805 
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25 



515 



520 525 



Pro Asp 
530 



<210> 5 
<211> 69 
10 <212> DMA 

<213> Mus musculus 

<400> 5 



atggcgagcc cggccccgcc cgtggccgag gagctcccgg gcccggcctc caggcgcctc 60 
15 tactccagg 



<210> 6 
<211> 201 
20 <212> DNA 

<213> Mus musculus 



tJSactgtgg ctgcgtctgc agggtctgtc tggggtgacc ttggcatggt gtccctcttc 60 
aaaccaSg? ccaggggtgc agaaaaactg ccaaggacac tgccatagtc tgcaccctga 120 
cltgttcc?g ttccac?gag ggtcacagct acgttttcaa gaagatttag agtggcctgg 180 
agagaagagc agagacctgg g 



30 <210> 7 

<211> 787 
<212> DNA 
<213> Mus musculus 

35 <400> 7 



cagtcctgcg ctgtgggtgt tactcggagc aggtgttcag acccaaattt ggagcagagg 60 
ctaggaacci gcLl?taaa tcagtcggat gcctctggcg ctgctaaatc caactggatg 120 
gggaggacag goagalccga aagagactgg tgaaggagac ggccggggcc tgccactgag 180 
?Iggggcaga gc^gttagc acggcgggtg acatcatcca ctggagcact gtttgtatgt 240 
40 atclllatgg ggcaccgact cagctaagtg gcgtgcggac ctggctcccc gctacacagc 300 
Sctca^acg? llSaacctc aglcacgcct cggctggccg cccctccgtt gctcctctcg 360 
laaaaataac ttttccacgg gtgttcttca cttccttctc tgcaattttc ttgagaataa 420 
llllllllll llTgt^cll ?t?tttttag ataggtctgc tagtttctgc ctctcgagtg 480 
ctSSattta agHgJcgtg cgtcactatg cccggctaac cacgtgcatt attttgacca 540 
45 tclalgSgt tgtaJLJtl tltccctatt ccctatggaa gatgagctcc -aggcctgga 600 
llTcglgllz citcttcccc aactgattaa gcggccagga gccggcgctc ccttctttat 660 
cacaaJcgg g|acaagagc gtaaagagga cggtccacgc gcgggccaag ccacacccca 720 
ctccccaclc llccatccca ccccaccccc cgcctgccag gaactcgggc tagagaggag 780 



50 



ggctcga 
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